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During an investigation on the factors affecting nitrate reduction by some strains of staphylococci, it was observed that, although these organisms produced nitrite from nitrate when grown in air, they failed to do so during growth under anaerobic conditions. This observation was of special interest, since anaerobic conditions of growth are known to enhance nitrate reduction by organisms such as Pseudomonas denitrificans (Sacks and Barker, 1949; Skerman and MacRae, 1957) .
The findings reported in this paper indicate that inability to reduce nitrate by a Staphylococcus epidermidis strain under anaerobic conditions of growth results from the organism's inability to form the complete enzymatic system required for nitrate reduction. The results also give some indication of the nature of the com-' Journal paper no. 240, American Meat Institute Foundation.
ponent(s) of this system which is formed in the presence, but not in the absence, of oxygen.
MATERIALS AND METHODS
Organism and conditions of growth. The strain (AT2) used was a typical S. epidermidis (Breed, Murray, and Smith, 1957 ) from our culture collection. The growth medium consisted of the following: Tryptone (Difco), 1 g; yeast extract (Difco), 0.5 g; NaCl, 0.5 g; K2HPO4, 0.5 (Approximately 19 ,umoles of nitrite were formed, while approximately 18 ,umoles of nitrate disappeared.) No detectable nitrite was produced when cultures were grown in a desiccator under helium or with vigorous aeration on a shaker (Table 1) . Nitrate did not disappear under these conditions. These data indicate also that the difference in nitrite production between anaerobic and static cultures was not correlated with differences in total amount of growth or in the final pH of the culture. The inhibition of nitrate reduction under vigorously aerobic conditions of growth has been observed in other microorganisms (Sacks and Barker, 1949; Skerman and MacRae, 1957) , and has been attributed either to an inhibition of the formation of nitrate reductase or to competiton between the two electron acceptors, oxygen and nitrate (Pichinoty and D'Ornano, 1961) .
One other coagulase-negative strain and one coagulase-positive strain of Staphylococcus were tested under conditions identical to those described. After 24 hr of growth under static conditions, both of these strains had produced about 30 ,umoles of nitrite per ml. Under anaerobic conditions, neither strain produced more than 0.1 ,umole of nitrite per ml, and no appreciable amounts of nitrate had disappeared. A strain of Escherichia coli was also tested, but no significant differences in the amounts of nitrite produced were observed in cultures grown under anaerobic or static conditions. From these preliminary studies, it was concluded tentatively that this phenomenon may be common to all staphylococci. VOL. 85, 1963 Further work is in progress to test this conclusion.
Reduction of nitrate by cell suspensions from cultures grown in the presence and absence of air. To determine whether differences in ability to reduce nitrate by growing cultures reflected a difference in the enzymatic composition of cells grown with and without air, cell suspensions prepared from cultures grown under these conditions were tested for their ability to reduce nitrate. A marked difference was observed between cells grown in air and those grown anaerobically ( These results suggested that anaerobically grown cells were incapable of reducing nitrate with physiological electron donors such as glucose, not because they lacked the nitrate reductase enzyme, but due to their deficiency in some intermediary electron carrier. This possibility was supported by the results of another experiment (Table 4 ). It is evident that when small amounts of benzyl viologen were added to suspensions of anaerobically grown cells, these cells were as capable of reducing nitrate as were cells grown in the presence of air.
Presence of nitrate reductase in growing cultures which had not been exposed to air. The possibility was investigated that nitrate reductase was not actually present in cells grown anaerobically, but it was synthesized when the cells came in contact with oxygen during the period required to harvest and wash them. Results obtained by adding reduced benzyl viologen to a fully grown anaerobic culture within 2 to 3 min after opening the desiccator indicated that nitrate reductase could be demonstrated even when cells had not been in contact with air for any significant time (Table 5) .
Nature of the missing intermediary electron carrier. Other workers (Taniguchi, Sato, and Egami, 1956; Sadana and McElroy, 1957) (Schaeffer, 1952; Englesberg, Levy, and Gibor, 1954 chromes could have been present in concentrations below the sensitivity of the technique employed. Spectrophotometric studies with anaerobic cells were further complicated in that extracts from these cells turned a dark-gray color soon after preparation.
However, it was observed that when hemin was added to cultures grown anaerobically, nitrate was reduced (Table 6 ). This result supports the hypothesis that the electron carrier missing from the anaerobic cells is a cytochrome.
Effect of extended incubation on reduction of nitrate in anaerobically grown cultures. When cultures were grown anaerobically and tested after 3 days of incubation, the tests for nitrite were negative consistently and no nitrate had disappeared. However, after 5 days of anaerobic incubation, some nitrite appeared in the growth medium (as high as 8.6 ,umoles per ml). The oxygen indicator (McClung and Lindberg, 1957) placed in the desiccator at the time of incubation remained in the colorless form throughout this 5-day period. (Taniguchi et al., 1956; Sadana and McElroy, 1957) . However, we were unable to obtain unequivocal evidence regarding the cytochrome content of anaerobic cells.
The suggestion that this organism has an altered cytochrome content when grown anaerobically would agree with the findings of Ephrussi and Slonimski (1950) and Chin (1950) , employing yeasts, and with those of Schaeffer (1952) and Englesberg et al. (1954) , who worked with BaciUus cereus and Pasteurella pestis, respectively. However, as pointed out by Smith (1961) , it is impossible to make any generalization regarding the relationship between oxygen tension during growth and cytochrome content of bacteria. Schaeffer (1952) Lascelles (1956) found that resting suspensions prepared from cells grown without hemin reduced nitrate only when they were supplemented with hemin. The similarity between these findings and those reported in this paper leads to the suggestion that when the Staphylococcus studied in this investigation is grown anaerobically, it resembles the heme-requiring Staphylococcus mutant in that it is unable to synthesize heme.
